In this study, an aqueous extract of leaves from Melothria maderaspatana was tested for in vitro antioxidant activity. Free radical scavenging assays, such as hydroxyl radical, hydrogen peroxide, superoxide anion radical and 2,2-diphenyl-1-picryl hydrazyl (DPPH), 2,2'-azinobis-(3-ethyl-enzothiazoline-6-sulfonic acid) (ABTS) radical scavenging, and reducing power assay, were studied. The extract effectively scavenged hydroxyl radical, hydrogen peroxide and superoxide anion radicals. It also scavenged DPPH and ABTS radicals. Furthermore, it was found to have reducing power. All concentrations of leaf extract exhibited free radical scavenging and antioxidant power, and the preventive effects were in a dose-dependent manner. The antioxidant activities of the above were compared to standard antioxidants such as butylated hydroxytoluene (BHT), ascorbic acid, and α-tocopherol. The results obtained in the present study indicate that the M. maderaspatana extract could be considered a potential source of natural antioxidant.
Introduction
The role of free radicals and tissue damage in diseases such as atherosclerosis, heart failure, neurodegenerative disorders, aging, cancer, diabetes mellitus, hypertension and several other diseases are being given greater recognition [1] . Both reactive oxygen species (ROS), as well as reactive nitrogen species (RNS), are products of normal cellular metabolism. They are well recognized as playing a dual role as both deleterious and beneficial species, in that they can be either harmful or beneficial to living systems [2] . Antioxidant supplements, or foods rich in medicinal plants, may be used to help the human body in reducing oxidative damage by free radicals and active oxygen [2] . Currently, research interest has been focused on the role of antioxidants as well as antioxidant enzymes, in the treatment and prevention of the diseases mentioned above. The most commonly used antioxidants at present are butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), propyl gallate (PG) and tert-butylhydroquinone (TBHQ). However, they are suspected of being responsible for liver damage and acting as carcinogens in laboratory animals [3] . Therefore, development and utilization of more effective antioxidants of natural origin is desirable. Recently, various phytochemicals and their effects on health, especially the suppression of active oxygen species by natural antioxidants from teas, spices and herbs, has been studied extensively.
Melothria maaderaspatana (Linn.) Cogn. Syn. Mukia maderaspatana, Cucumis maderaspatana or Mukia scabrella (family-Cucurbitaceae), is one such medicinal plant used for a considerable time in Siddha for treatment of various diseases. Folklore medicine indicates it is a good diuretic, stomachic (a digestive tonic), gentle aperient, antipyretic and antiflatulent, antiasthmatic and antibronchitis besides its use in vertigo and biliousness [4] . This plant extract has also been shown to have hepatoprotective, [5] immunomodulatory [6] activities in rat models. Our previous studies showed that M. maderaspatana leaf extract has antihypertensive, antioxidant and antihyperlipidemic properties in hypertensive patients [7, 8] . Some of these ethnomedical and reported biological activities may be due to the antioxidant nature of M. maaderaspatana. Hence, in the present investigation, the aqueous leaf-extract of M. maderaspatana was screened for the in vitro antioxidant activity using different antioxidant tests, including active oxygen species such as OH
• , H 2 O 2 and O 2
•− quenching assays, DPPH, ABTS radicals scavenging assay, and reducing power assay.
Experimental Procedures

Chemicals
' -azinobis-(3-ethyl-enzothiazoline-6-sulfonic acid) -(ABTS), nicotinamide adenine dinucleotide (NADH), nitroblue tetrazolium (NBT), phenazine methosulphate (PMS) were purchased from Sigma (Bangalore, India). Butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), trichloroacetic acid (TCA) ascorbic acid, α-tocopherol, deoxy ribose, TBA, ferric chloride, ammonium thiocyanate were purchased from MERCK or HIMEDIA, Mumbai, India.
Plant material and extraction
Leaves of M. maderaspatana were collected from local market of Chidambaram, Tamil Nadu, and the plant was botanically authenticated. A voucher specimen (AU-6054) of the plant has been deposited at the Herbarium of the Department of Botany, Annamalai University, Annamalainagar, Tamil Nadu. The collected leaves (500 g), were washed with distilled water and chopped to small pieces, and dried in the shade. They were then grounded and boiled with distilled water (1 L), according to the traditional method of preparation. After filtration, the lyophilized aqueous extract yielding 13.52 g of dried greenish powder. The powder was kept separately in airtight container until the time of use. A required quantity of the powder (5 g) was suspended in distilled water (600 ml). The suspension was boiled until the quantity was reduced to 100 ml. The decoction thus obtained was cooled and used in the present study. The concentration of the decoction was 50 mg/ml.
Hydroxyl radical scavenging assay
The hydroxyl radical scavenging activity of M. maderaspatana was determined by Halliwell's method [9] . In this assay, OH
• is produced by reduction of H 2 O 2 by the transition metal (iron) in the presence of ascorbic acid. The generation of OH
• is detected by its ability to degrade deoxyribose to form products, which on heating with thiobarbituric acid (TBA) forms a pink colour, chromogen. Addition of M. maderaspatana leaf extract competes with deoxyribose for OH
• and diminishes colour formation. The incubation mixture in a total volume of 1 ml contained 0.1 ml of phosphate buffer, varying volumes of leaf extract (20, 40, 60 , 80 and 100 µg), 0.2 ml of 500 µM ferric chloride, 0.1 ml of 1 mM ascorbic acid, 0.1 L of 1 M EDTA, 0.1 ml of 10 mM H 2 O 2 and 0.2 ml of 2-deoxyribose. The contents were mixed thoroughly and incubated at room temperature for 60 min. 1 ml of 1% TBA (1 g in 100 ml of 0.05 N NaOH) and 1 ml of 28% TCA were then added. All the tubes were kept in a boiling water bath for 30 min. The absorbance of the supernatant was read in a spectrophotometer at 535 nm with a reagent blank containing water in the place of extract. The percentage of scavenging was determined. The efficiency of M. maderaspatana was compared with various concentrations (20, 40, 60, 80 and 100 µg), using α-tocopherol as a standard. Decreased absorbance of the reaction mixture indicated increased hydroxyl radical scavenging activity.
The percentage scavenging was calculated by using the formula shown below:
Where A 0 was the absorbance of the control and A 1 was the absorbance in the presence of the sample of M. maderaspatana or α-tocopherol.
Scavenging of hydrogen peroxide
The ability of the M. maderaspatana to scavenge H 2 O 2 was determined according to Ruch's method [10] . A solution of H 2 O 2 (40 mM) was prepared in phosphate buffer (pH 7.4). Hydrogen peroxide concentration was determined spectrophotometrically, from absorption at 230 nm in a spectrophotometer (SL 159, UV-Visible spec, Elico, India). Different extracts (20, 40, 60, 80 and 100 µg) in distilled water, were added to a H 2 O 2 solution (0.6 ml, 40 mM). 
Where A 0 is the absorbance of the control and A 1 is the absorbance in the presence of the sample of M. maderaspatana or α-tocopherol.
Superoxide anion radical scavenging activity
Superoxide anion radical scavenging activity of M. maderaspatana was determined by utilizing Nishimiki's method [11] with modifications. The assay was based on the oxidation of NADH by phenazine methosulphate (PMS) in order to liberate PMS red . PMS red converts oxidized nitroblue tetrazolium (NBT oxi ) to the reduced form NBT red , which formed a violet colour complex. The colour formed indicated the generation of superoxide anions, measured spectrophotometrically at 560 nm. A decrease in the formation of colour after addition of the antioxidant was a measure of its superoxide scavenging activity. 1 ml of NBT (100 µmol of NBT in 100 mM phosphate buffer, pH 7.4), 1 ml of NADH (468 µmol in 100 mM phosphate buffer, pH 7.4), solution as well as varying volumes of extract (20, 40, 60 , 80 and 100 µg), were mixed well. The reaction was started by the addition of 100 µl of PMS (60 µmol/100 mM phosphate buffer, pH 7.4). The reaction mixture was incubated at 30°C for 15 min. The absorbance was measured at 560 nm in a spectrophotometer. Incubation without the extract was used as a blank sample. Ascorbic acid was used as the standard in comparing the different extracts. Decreased absorbance of the reaction mixture indicated increased superoxide anion scavenging activity. The percentage scavenging was calculated by using the formula shown below:
Where A 0 is the absorbance of the control and A 1 is the absorbance in the presence of the sample of M. maderaspatana or ascorbic acid as standard.
DPPH radical scavenging activity
The radical scavenging activity of M. maderaspatana against DPPH • was determined spectrophotometrically by Williams' method [12] . DPPH
• reacts with an antioxidant compound that can donate hydrogen and thereby it is reduced. Changes in colour, (from deep violet to light yellow), was measured. DPPH
• is a stable free radical and accepts an electron or hydrogen radical to become a stable diamagnetic molecule. The intensity of the yellow colour depends on the amount and nature of radical scavenger present in the sample and standard compounds.
The reaction mixture containing 1 ml of 0.1 mM DPPH
• , various concentrations of extract (25, 50, 100, 150, 200 and 250 µg), were made up to 3 ml with water. Then the tubes were incubated for 10 minutes. Once the blue colour chromophore was formed, the absorbance of this solution was measured at 517 nm. BHT was used as the standard for comparison.
Evaluation of total antioxidant activity (ABTS radical cation decolourization assay)
The generation of the ABTS radical cation forms the basis of one of the spectrophotometric methods that has been utilized in measuring the total antioxidant activity of solutions of pure substances [13] . The improved technique for the generation of ABTS •+ described here, involves the direct production of the blue/green ABTS •+ chromophore through the reaction between ABTS
•+ and potassium persulphate. Addition of M. maderaspatana competes with ABTS
•+, diminishing colour formation. ABTS
•+ was dissolved in water at a concentration of 7 mM. The stock solution was mixed with 2.45 mM potassium persulphate. The mixture was allowed to stand in the dark at room temperature for 12-16 hours prior to use in incomplete oxidation of ABTS
•+
. The radical remained stable in this form for more than two days (in the dark at room temperature). The reagents were added in the following order: The incubation mixture in a total volume of 5 ml contained 0.54 ml of ABTS 
Reducing Power
The reducing power of M. maderaspatana was determined by the method of [14] . Substances which have reduction potential react with potassium ferricyanide (Fe 3+ ) to form potassium ferrocyanide (Fe 2+ ), which then react with ferric chloride to form a ferric-ferrous complex that has an absorption maximum at 700 nm. Increases in the reduction of ferric to ferrous ion increases the absorbance, indicating the reducing ability of M. maderaspatana.
Varying concentrations of M. maderaspatana, (50, 100, 150, 200, 250 and 300 µg), in water twice distilled, was mixed with 2.5 ml of phosphate buffer and 2.5 ml of potassium ferricyanide. The mixture was incubated at 50°C for 20 minutes and then 1.5 ml of TCA was added and centrifuged at 3000 x g for 10 minutes. For all the tubes, 0.5 ml of supernatant was mixed with 1 ml of distilled water and 0.5 ml of ferric chloride. Absorbance was measured at 700 nm in a spectrophotometer. α-tocopherol was used as the standard for comparison. Increased absorbance of the reaction mixture indicated increased reducing power. Incubation with water in place of additives was used as the blank.
Statistical analysis
Statistical analysis employed SPSS. Data was expressed as means, ± SD of three measurements. Data was analyzed by using the student t-test and by ANOVA. The results obtained were considered statistically significant if the P-value was <0.05. The amount of extract needed to inhibit free radicals concentrations by 50%, IC 50 , was graphically represented by the linear regression method.
Results
Inhibition of hydroxyl radical
The scavenging ability of M. maderaspatana on OH
• is shown in Figure 1 and was compared with α-tocopherol.
M. maderaspatana leaf extract exerted inhibition of OH
• formation during incubation period and the percentage of inhibition was higher than α-tocopherol at all concentrations.
Scavenging of hydrogen peroxide
The scavenging ability of M. maderaspatana on H 2 O 2 is shown in Figure 2 and was compared with α-tocopherol. M. maderaspatana was capable of scavenging H 2 O 2 in a dose-dependent manner and the scavenging activity was better than α-tocopherol at all concentrations.
Inhibition of superoxide anion radical
The superoxide anion radical scavenging ability of M. maderaspatana is represented by Figure 3 . The inhibition of O 2
•− was found to be concentration dependent, and the percentage of inhibition was greater than ascorbic acid at all concentrations studied
Inhibition of DPPH radical
The scavenging ability of M. maderaspatana on DPPH
• is shown in Figure 4 and compared with BHT. The scavenging effect of extract was better than the standard BHT. The inhibition was found to be concentration dependent.
Total antioxidant activity -ABTS radical cation decolourization assay
The effects of different concentrations of extract, (from 20, 40, 80,120 and 160 µg), on ABTS •+ are shown in Figure 5 . M. maderaspatana exhibited effective antioxidant activity at all doses. The inhibition was found to be concentration dependent and the antioxidant activity of the leaf extract (160 µg) was better than the standard BHT (160 µg). Figure 6 shows the reductive capabilities of M. maderaspatana compared to α-tocopherol. The reducing power of M. maderaspatana increased in a concentration dependent manner and the extract showed higher reducing power than the α-tocopherol. 
Reducing ability
Discussion
Medicinal plants that historically have been useful, are obvious choices as potential sources of substances with significant pharmacological and biological activities. Phytomedicines exert their beneficial effects through the additive or synergistic action of several chemical compounds acting at single or multiple target sites associated with a physiological process in contrast to synthetic pharmaceuticals based upon single chemical. This synergistic or additive pharmacological effect can be beneficial by eliminating the problematic side effects.
In the Indian medical system, M. maderaspatana is an important medicinal plant and its aqueous leaf extract has been used in various ailments. Phytochemical studies of the entire leaf extract of M. maderaspatana revealed the presence of coumarins, phenolic compounds, flavonoids, steroid, triterpene, multiple glycosides (22,23-dihydrospinasterol-3-O-β-D-glucoside), decosanoic acid and mixture of fatty acids [15, 16] . Recent studies have shown that phenolic phytochemicals have high antioxidant activity and certain therapeutic properties, including anti-hypertensive and anti-diabetic activity [17] . Furthermore, it has been reported that Melothria heterophylla (Lour.) Cogn; one of the closely related species of M. maderaspatana has antioxidant activity and inhibitory effect on expression of MMP-1 in UVA-irradiated human skin fibroblasts [18] . The antioxidant activity of putative antioxidants have been attributed to various mechanisms, among which are prevention of chain initiation, binding of transition metal ion catalysts, decomposition of peroxides, prevention of continued hydrogen abstraction, reductive capacity and radical scavenging [19] . Several workers employed this system to assay the biological activity of various plants extracts.
Inhibition of hydroxyl radical
The highly reactive OH
• can cause oxidative damage to DNA, lipids and proteins [20] . Like many other free radicals, OH
• can be neutralized if it is provided with hydrogen atoms. Oxygen radicals may attack DNA either in the sugar or the base, giving rise to a large number of products. Phytochemical studies of M. maderaspatana leaf extract revealed the presence of phenolic compounds [15, 16] . The scavenging activities of phenolic substances might be due to the active hydrogen donating ability of hydroxyl substitutions [20] . 
Scavenging of hydrogen peroxide
Inhibition of superoxide anion radical
Superoxide anions indirectly initiate the lipid oxidation as a result of superoxide and hydrogen peroxide, serving as precursors of singlet oxygen and OH • [21] . Inhibition of superoxide generation by M. maderaspatana may be due to the presence of flavonoids. Robak [22] reported that the antioxidant properties of flavonoids are effective primarily by the scavenging of superoxide anion.
Inhibition of DPPH radical
DPPH is a stable free radical and accepts an electron or hydrogen radical to become a stable diamagnetic molecule. The effect of M. maderaspatana on DPPH
• scavenging is thought to be due to their hydrogen donating ability. The decrease in absorbance of DPPH
• caused by antioxidants is due to the reaction between antioxidant molecules and radical, which results in the scavenging of the radical by hydrogen donation.
Total antioxidant activity -ABTS radical cation decolourization assay
The antioxidant activity of M. maderaspatana might be attributed to the presence of phytochemicals, such as flavonoids and phenolic compounds which may reduce hydroperoxides inactivate free radicals.
Reducing ability
The reducing power of M. maderaspatana increased in a concentration dependent manner and the extract showed higher reducing power than α-tocopherol. Antioxidant activity has been reported to be concomitant with the development of reducing power. The reducing capacity of a compound may serve as a significant indicator of its potential antioxidant activity.
Benzie and Strain reported that the reducing power of tannins prevents liver injury by inhibiting the formation of lipid peroxides [23] . Like antioxidant activity, the reducing power of M. maderaspatana increased with increasing amounts of the samples. All concentrations of M. maderaspatana showed higher activities than α-tocopherol.
In conclusion the antioxidative data presented in this study clearly demonstrate that M. maderaspatana exhibits free radical inhibitor or scavenger activity as well as a primary antioxidant that reacts with free radicals, which may limit free radical damage occurring in the human body. The antioxidative effects of M. maderaspatana were accomplished in a dosedependent manner. The various antioxidant mechanisms of extract may be attributed to strong hydrogen donating ability and their effectiveness as scavengers of H 2 O 2 , superoxide and other free radicals. Furthermore, the extract competes with ABTS
•+ or DPPH • and diminishes chromogen formation. Thus, M. maderaspatana has a powerful antioxidant activity against various in vitro oxidative systems and can be used as accessible source of natural antioxidants and are useful as potential food supplements.
